INTRODUCTION
Sewage sludge contains various kinds of nutrients which contribute to the growth of plants, and can possibly be used as a fertilizer or soil conditioner. However, sludge also contains large amounts of pathogenic bacteria, parasites and viruses. Recently, incidents of food poisoning caused by pathogenic Escherichia coli and salmonellae have broken out in many countries (Clavero et al., 1994; Kawakami, 1995) . These bacteria may spread through areas in which sewage sludge is used in agricultural fields. Usually, large numbers of coliform bacteria still survive even after conventional composting treatment (Tsuru, 1978) . Ionizing radiation is effective in inactivating these pathogenic bacteria and parasites.
In a previous study, coliform bacteria were eliminated by irradiation doses below 5 kGy irradiation (Ito et al., 1983a) . However, it is still necessary to confirm the dose required to inactivate coliform bacteria and salmonellae which contaminate sewage sludge at different sludge conditions. In terms of the application of radiation toward the treatment of sewage sludge for agricultural use, composting by irradiating sewage sludge showed the advantage of a short fermentation period compared with that of the conventional composting process (Kawakami and Hashimoto, 1984 Salmonellae were isolated by the modified method of Ito et al. (1983b) and the Food and Drug Administration (FDA, 1976) , and identified according to "Bergey's Manual of Determinative Bacteriology" (1974) .
Inactivation effect on bacteria in sewage sludge cakes A 10 g of sludge cake was put into a polyethylene bag. Then, each bag was irradiated with 'Co gammarays up to 20 kGy. The dose rate , determined with a Fricke dosimeter, was 1.2 kGy/h or 3 .0 kGy/h as administered by a 160 kCi (6 .0 PBq) 60Co irradiator in the Takasaki Radiation Chemistry Research Establishment or by a 10 kCi (0.38 PBq) 60 Co gamma-cell in Office of Atomic Energy for Peace in Thailand. For the bacterial counts , irradiated sludge cakes in 50 ml sterilized water were homogenized with a Coloworth Stomacher Lab-Blender-400 for one minute. Then, serial hundred-fold dilutions were plated on the surface of Difco-nutrient agar for total counts of aerobic bacteria and on Difco-MacConkey agar for coliform bacteria.
Radiation sensitivities of salmonellae A pure culture of each isolates was grown for 16 h in 100 ml of nutrient broth under constant aeration at 30°C. Cells of the stationary phase were harvested and washed with 0.067 M phosphate buffer , then resuspended in the same buffer . The suspensions of about 109 cells per ml were irradiated at about 25°C in atmospheric air at equilibrium. For the study of radiation sensitivities of Salmonella in sludge samples , 0.5 ml samples of 16 h culture in nutrient broth of the most resistant strain (about 1 x 109 cells per ml) were added to samples of 5 g of sludge , which had been A 5 g sample of farm soil collected from Takasaki city and that of one kind of commercial seed compost were put into a polyethylene bag. After being homogenized with a Stomacher Lab-Blender-400 for 1 min with 50 ml of 0.01% Tween-20 sterile water , diluted suspensions were mixed well with 1 ml of a spore suspension of Fusarium oxysporum. Afterwards, 0.2 ml of the suspension was spread on the surface of Difconutrient agar plate or Difco-potato dextrose agar plate. The plates were incubated at 30°C for 7 d and the suppressive effect of bacterial colonies on the agar plates was observed. After these bacteria were isolated, they were identified to the species level according to "Bergey's Manual of Determinative bacteriology" (1974) .
For the observation of the suppressive effect of antagonistic bacteria on phytopathogenic fungi , 0.1 ml of spore suspension (107-10 9 spores per ml) of F . oxysporum or Giberella fujikuroi was spread on Difcopotato dextrose agar plates. Cells of each isolated bacterial strain were dropped on a 5 mm paper disc , then placed on the center of the agar plate . Plates were incubated for 5 d at 30°C , and the inhibitory zone were then measured to observe the suppressive effect of bacteria on phytopathogenic fungi . In this study, B. subtilis NB22 obtained from the Tokyo Institute of Technology was used for the comparison of isolated strains.
Cultivation of antagonistic bacteria in sludge cakes Dehydrated sewage sludge cakes obtained from Takasaki city were irradiated with gamma-rays at dose of 10 kGy. Then, a 20 g sample was mixed with 10 g of perlite, and 0.5 ml of B . subtilis NB22 cell suspension was added. The mixture was transferred into a sterile glass fermenter as shown in Fig . 1 . The fermenter was incubated in a water bath at 35°C with an aeration rate of 50 ml / min. Viable counts were enumerated at different incubation times . The stage of fermentation was observed by measuring the CO2 concentration in the exhaust gas using on infraredtype analyzer 
Isolation and cultivation of antagonistic bacteria
From the study of the suppressive effect on phytopathogenic fungi, 6 strains of antagonistic bacteria were isolated. As shown in Table 3 , all of the isolates were identified as B. subtilis, B. polymyxa and Bacillus spp. Among these isolates, B. subtilis showed the strongest suppressive effect on F oxysporum and G. fujikuroi .
For the cultivation study of these antagonistic bacteria using irradiated sewage sludge as a substrate, B. subtilis NB22 was cultivated as a fermentation model. Figure 4 shows the viable counts and CO2 evolution during fermentation in irradiated sewage sludge. Viable counts increased rapidly from 105 to 1010 CFU per g after 24 h incubation, then decreased gradually to about 108 to 109 CFU per g within 7 d incubation. When the fermentation process was observed in terms of the CO2 evolution curve from the substrate, the peak value was obtained as about 6.5 g/h/kg-vs after 23 h incubation as similar to that obtained when composting sewage sludge at 0 to 30 kGy of irradi-ation in a previous report (Kawakami and Hashimoto, 1984) . This result also indicated that fermentation of sludge by B. subtilis could be completed in only a few days. sewage sludge for the purpose of sanitary treatment. For the application of sewage sludge as a fertilizer or soil conditioner in farms, composting of sewage sludge effectively stabilizes easily decomposable organic materials in sludge such as sugars, organic acids and proteins. Cultivation of antagonistic bacteria in the process of sewage sludge composting should be useful for suppressing phytopathogenic fungi. It has been reported that B. subtilis produces an antibiotic substance, iturin A (Shoda, 1995) . This substance has suppressive effect on phytopathogenic fungi and bacteria. In this study, many isolates of Bacillus species had suppressive effects on phytopathogenic fungi. Among these isolates, B. subtilis had the strongest suppressive effect on phytopathogenic fungi. B. subtilis showed also effective growth in irradiated sewage sludge and fermentation was completed in a short period. Many commercial seeding for composting should contain B. subtilis. The composted sewage sludge obtained with such seeding should 
